South East Queensland (SEQ) has experienced voracious growth over the past five decades. Spanning some 200 km, this sprawling subtropical coastal conurbation is beginning to reach its ecological and socio-political limits. Over the last decade there have been concerted efforts to manage this growth with a new regime of plans and policies, but climate change has significantly complicated the challenge. This paper offers a preliminary analysis of the situation. The major climate adaptation challenges for the region are identified, including: rising sea levels, storm surges, higher temperatures, and increased freshwater scarcity. These will impact most on the elderly, sick and disadvantaged who have lower levels of resilience. The key plans and policies that address these issues are then reviewed, including: ClimateQ; the SEQ Regional Plan; and, the Draft SEQ Climate Change Management Plan. The overall planning regime is appraised in light of five core themes of strong ecological modernisation (technological innovation; engaging with economic imperatives; political and institutional change; transforming the role of social movements and discursive change) and the principles of environmental justice. It is argued that together these schools of thought could provide criteria for a more effective and equitable climate adaptation response for the region.
Introduction
Managing rapid population growth and development is difficult at the best of times, but it becomes even more challenging for regions that are highly vulnerable to the impacts of climate change. SEQ is a case in point -it has experienced one of the fastest population growth rates in Australia and has been singled out by the Intergovernmental Panel on Climate Change (IPCC) as one of the most vulnerable regions owing to its geography and settlement patterns (Hennessy et al., 2007 in IPCC 4 th Assessment Report). This article considers the issue from a new perspective through an integrated framework of ecological modernisation and environmental justice. The first section briefly summarises the major impacts of climate change for SEQ. The following two sections then introduce the principles of strong ecological modernisation (EM) and environmental justice (EJ) respectively.
The final section evaluates some of the key policies and plans that purportedly address the problem, utilising these two frameworks. Overall it is argued that an effective response will require more than just engineering solutions. It demands an integrated approach that includes technological and institutional transformations that equitably engage with key stakeholders.
Impacts of Climate Change in SEQ
Climate change projections for SEQ include: significant sea level rise; increased storm surges; more frequent and intense extreme weather events; higher temperatures and evaporation; and, decreasing precipitation. Sea level rise and storm surges pose serious threats of inundation and coastal erosion. The concentration of a large population in vulnerable areas along the coastal creeks and rivers exposes the highest number of properties in all Australia to flooding (OCC, 2008) . Every coastal local government area in SEQ is among the top ten areas at risk of inundation in
Queensland. The Commonwealth Scientific and Industrial Research Organisation (CSIRO) estimates that climate change will increase current levels of risk of inundation in SEQ to affect a larger percentage of the population and residential buildings and increase the cost of structure and content damage substantially (DCC, 2009) . Furthermore, over 70% of commercial buildings in SEQ are currently located within five km of the shoreline. CSIRO researchers conclude that not only do planning and building regulations need to be strengthened to stop further high risk development, the existing building stock also needs to be adapted and/or protected (DCC, 2009 ).
Natural hazards are already raising costs in the region in terms of increased insurance claims, coastal management works, infrastructure maintenance, and emergency services. With climate change, severe tropical cyclones (categories 3-5) on the east Australian coast are predicted to increase in frequency and cyclone development regions are projected to shift 200 km southwards, resulting in greater exposure in SEQ (Hennessy et al., 2007) . Storm tides occur mostly due to tropical cyclones and mid-latitude depressions and so are likely to increase in the SEQ coastal region (McInnes et al., 2000) . The intensity of extreme rainfall events (Hennessy et al., 2007) , hail-days per year (OCC, 2008) and the incidence of bushfires (Burton, 2005) are also projected to increase in coming decades.
Temperature projections for SEQ show a rise in the number of days over 35°C. The projected annual average temperature increases for the region are between 2.5-4°C
by 2070 (DERM, 2009a) . These changes will have significant health impacts, including heat exhaustion and increased mortality among vulnerable sectors of the community, such as the very young or old (McMichael et al., 2003) . Higher temperatures will also affect peak energy demand, with greater reliance on airconditioning to achieve thermal comfort.
Annual potential evaporation of freshwater supplies in SEQ is projected to increase 2-8% by 2050 and 6-16% by 2070. To make the matters worse, total annual rainfall is projected to decrease between 3-8%, the largest reduction expected in Queensland (DERM, 2009a) . The impacts on agricultural production will be significant with crop yields and quality declining. Reyenga et al. (1999, p. 297) predict that ‗the status of the region as a producer of prime hard wheat may be at risk'. Similarly, drier conditions are expected to reduce plant and animal production in the grazing industry (Howden et al., 1999) . Increased pest and disease risks are among the predicted impacts (OCC, 2008; DCC, 2009) . Despite these scenarios, the burden of these impacts will likely be uneven, with certain industries and communities more vulnerable than others. Government policy and research support is urgently required but as the following analysis shows, efforts to date are problematic.
Rethinking the Problem with Ecological Modernisation (EM)
The impacts of climate change on SEQ will require an effective response from government. Some policies and plans are beginning to acknowledge the problem, but what criteria should be used to guide and assess the response? Two key schools of thought could provide an answer. First are criteria that can be derived from the core themes of EM and will be dealt with in this section. Second is the criterion of equity that is central to environmental justice and will be dealt with in the next section.
EM is a broad school of thought based on the assumption that capitalism and its associated industrial mode of production and democratic forms of government can be moved onto a trajectory of more sustainable development. The process for achieving this transformation involves the deployment of ecologically efficient technology and varying degrees of institutional restructuring. At its heart, EM advocates a green industrial revolution to support a second phase of modernisation -one that is ecologically sustainable (Beck, 2010) . The idea emerged from the work of German scholars such as Martin Janicke and Joseph Huber, among others, in the early 1980s (Hajer, 1995; Weale, 1998; Mol and Sonnenfeld, 2000; Mol and Spaargaren, 2000; Huber 2000 and Grant and Papadakis, 2004; Janicke and Jacob 2004; Janicke, 2008) . While EM has clear implications for climate mitigation (Bulkeley 2001; Christoff 2005; Curran 2009 ), in Australia very little work has been done applying the concept to adaptation policies and plans (Byrne et al., 2009 ).
EM ranges from weak variants that focus on a limited range of technological fixes to more reflexive theories that advocate the establishment of a a broader system of ecological democracy (Christoff, 1996; Fisher and Freudenburg, 2001; Dryzek, 2005) . This paper will use the strong version of EM because it offers a greater scope for action on climate change. Five core themes have been derived by previous EM work: technological innovation; engaging with economic imperatives; political and institutional change; transforming the role of social movements and discursive change (Berger et al., 2001 and Welford and Hills, 2003; Howes et al., 2010) . These themes provide both an integrated analytical framework and a program for action. It should be noted, however, that care must be taken in transplanting EM from its predominantly German roots to the Australian context as the countries have significantly different economic, political and social contexts (Curran, 2009; Howes et. al., 2010) .
The theme of technological innovation is to encourage the research, development and deployment of new technologies that make more efficient use of resources and reduce their negative environmental impacts (Fisher and Freudenburg 2001; Berger et. al., 2001; Cohen, 2006; Huber 2008) . For adaptation, this means promoting research into urban design, infrastructure, and building to improve resilience to flooding, storms, higher temperatures, bushfires or water scarcity, while also moving planning mechanisms towards more flexible and innovative decision-making frameworks.
In terms of engaging with economic imperatives, the objective is to harness market forces and steer them down a sustainable development path. This involves using government policies and plans to create incentives for more sustainable behaviour and engaging businesses as partners in developing a response (Gouldson and Murphy, 1997; Mol, 2000; Mol and Sonnenfeld, 2000; Mol and Spaargaren, 2000; Berger et. al., 2001; Huber, 2008) . For adaptation, this will have a particular application to property developers and the construction industry more generally.
EM suggests that effective responses to environmental issues need to be hardwired into the political decision making process, and this will require some institutional restructuring. Government is seen as playing a central role in the transition to sustainability, but it needs to be more open and decentralised to maximise civic participation. Public consultations should be regular and ‗real', moving beyond simple window dressing (Gouldson and Murphy, 1997; Mol, 2000; Mol and Sonnenfeld, 2000; Mol and Spaargaren, 2000; Janicke and Jacob 2004; Janicke, 2008) .
On a related point, transforming the role of social movements means empowering community groups that have previously been left outside the decision making process so that they can constructively engage with government and become partners in implementing solutions. Sustainability is not something that governments can achieve alone as it requires the cooperation of both the business and community sectors (Hajer, 1995; Mol, 2000; Mol and Sonnenfeld, 2000; Fisher and Freudenburg, 2001 ).
It is a two-way street where governments become more responsive to community needs and the community shoulders some of the effort in making the necessary changes. This also requires enhanced transparency in decision-making processes.
The final theme of EM is discursive change. The rhetoric of ‗jobs versus the environment' is replaced by a ‗win-win scenario' and environmental problems are reconstructed as challenges or opportunities for improvement (Christoff 1996; Gouldson and Murphy, 1997; Mol, 2000; Mol and Sonnenfeld, 2000; Mol and Spaargaren, 2000; Berger et. al., 2001; Dryzek, 2005; Howes et. al., 2010) . In terms of climate adaptation, the up-front costs are readily apparent, but what might be the opportunities? One possibility is to see adaptation as an opportunity to instigate a systematic process of urban renewal and ‗green modernisation'. While the core themes of EM can provide some guidance with regards to technical and institutional change, we also need to consider the environmental equity dimensions of any response. This is where the idea of environmental justice can help.
The Environmental Justice (EJ) Dimension
Governments have tended to favour technocratic solutions to anticipated climate change impacts (e.g. modelling sea level rise, building sea-walls and adopting green building guidelines and standards) over socio-political engagement and reform (Byrne et al., 2009; Thomas, 2010) . Seeking to manage urban sprawl through compact development -also termed ‗smart growth' -has been a favoured policy response (Brown and Southworth, 2008; Hamin and Gurran, 2008; Ruth, 2006) . What seems to be missing though, is any consideration of how the various forms of ‗difference' which can configure vulnerability or resilience (e.g. gender, class, race, ethnicity, disability, etc.) may disproportionately focus some climate change impacts upon groups of people who may be least able to resist or adapt to them (Bolin, 2006; Conner, 2005; Denton, 2002) . Poorly designed growth management policies might even exacerbate these impacts. The fact that marginalised and vulnerable people will likely suffer disproportionately from climate change impacts constitutes an ‗environmental inequality' warranting urgent attention (Campbell et al., 2008; Green, 2006; Mendelsohn et al., 2006) . ‗Environmental justice' is both a social movement and a research frame. As a social movement it grew out of the United States (US) Civil Rights Movement of the 1960s, and gained public attention during the early to mid 1980s when various non-white communities in the US produced compelling evidence that their neighbourhoods were disproportionately burdened by environmental harms from waste incinerators, toxic landfill sites, chemical waste from large-scale industrial plants, poisoning from farm pesticides and herbicides and the like (Bullard, 1993; Taylor, 2000) . Both community activists and academic researchers in the US have since produced irrefutable arguments that low-income earners (i.e. people below the poverty line and the working poor) and non-whites (e.g. African-Americans, indigenous peoples) pay the highest price of urban growth (Agyeman, 2005; Bullard, 2007) . Similar patterns of environmental inequality have since been found in Australia (e.g. Arcioni and Mitchell, 2005; Lloyd-Smith and Bell, 2003) and indeed globally (Shiva, 1999) .
While the impacts are usually obvious (e.g. high rates of infant mortality, elevated levels of respiratory disease, coronary heart disease and cancer), the processes behind environmental inequality are rarely simple; the topic has been the subject of considerable debate (Byrne, 2010) .
Climate change presents some profound environmental justice challenges. As Kaswan (2008) notes, it will impact more severely upon people who are impoverished, who are unable to participate in decision-making about change in their communities, who are politically disenfranchised and who -perhaps because they are recent migrantslack language skills and social connections (Byravan et al., 2006; Salick et al., 2007) .
While wealthy residents may be able to escape impacts because they can afford to live in cooler places, to install insulation and air-conditioners, to relocate, or to pay higher insurance premiums, these options are not necessarily available to the poor and socially marginalised. These disadvantaged communities will instead likely be burdened by new diseases, poor quality housing in hotter locations, water and food shortages, flooding and storm damage among other problems -a situation that has recently been termed ‗climate (in)justice' (Caney, 2009; Frumkin, 2005; Gottlieb and Fisher, 2000; Shonkoff et al., 2009; Sweetman, 2009 ).
To date, very little policy literature shows that mainstream environmental justice concerns are even on the radar of Australian planners, let alone climate change equity (Arcioni and Mitchell, 2005; Lloyd-Smith and Bell, 2003) . The situation in SEQ is little different with only a cursory reference to the inequitable impacts of climate change in the 2009 Regional Plan (DIP, 2009a, p. 78-88) , but this may be about to change. A recent study of climate change and health impacts on the Gold Coast (Baum et al., 2009) found that income, age and social isolation were significant factors in predicting the likelihood that an individual would be vulnerable to the impacts of flooding and higher urban temperatures. Studies of this kind constitute a first step in better understanding how socioeconomic vulnerability might lead to increased exposure to climate change impacts in the absence of land use policy interventions. From here, we need to research how growth management policies such as urban consolidation might spatially concentrate low income and socially marginalised groups in hazardous locations.
Review of Plans and Policies
A multiplicity of existing plans and policies already claim to address issues resulting from the rapid pace of growth and a changing climate in SEQ. This section provides a brief overview of a selection of the most relevant of these regarding adapting to climate change impacts.
National Policies
The Australian Government views adaptation as one of the three pillars of its comprehensive climate change strategy, along with mitigation to reduce Australia's greenhouse gas emissions, and helping shape a global response to the problem. In 
Queensland State Policies
Three main documents guide state policy in addressing the issue of climate change. Each of these initiatives focuses on one specific policy area covered by the regional plan and all are consistent with the desired regional outcomes, principles and policies developed in the regional plan.
The What all these plans, strategies and policies convey is that governments at federal, state and regional levels are at last beginning to recognise and address climate change as an important stressor to be managed by spatial planning. Whether these efforts are sufficient and effective in dealing with the extraordinary challenges the region is facing is another matter.
So How Well is SEQ Doing?
So how well do the current SEQ plans and policies fare against the core themes of strong EM and EJ principles in adapting to climate change? Given the multiplicity of plans, and space limitations, only a general overview followed by a preliminary analysis of the two key plans is possible here.
The first steps towards technological innovation (the first theme of EM) have been In terms of engaging with economic imperatives, the 2009 SEQ Regional Plan has placed greater emphasis on the issue than its predecessor, with a separate chapter on sustainability and climate change. Unfortunately, adaptation is only allocated two pages, outlining goals for the future. There is a statement suggesting that rural industries might maximise their opportunities, but no detail about how economic incentives might be used to increase resilience. This is a significant gap, which should be addressed by both future policy and research.
When it comes to political and institutional change, there has been a range of public consultations in developing the SEQ Regional Plan and the Draft SEQ CCMP and both mention the need to increase public awareness. But there is little by way of substantive institutional change and decisions continue to be made via the established policy and planning processes, rather than any more participatory democratic processes.
Harnessing the transformative role of social movements is perhaps one of the least developed aspects of the adaptation policies and plans. Supporting the community is mentioned in documents like Towards Q2, the SEQ Regional Plan but there is no detail on how this might work. One of the major issues will be deciding who pays for the costs of adaptation. Will homeowners and local businesses agree to pay directly the costs of protecting their assets or will the government provide some assistance through general taxation? If it is the former, the social equity dimension could make it a regressive strategy. This easily laps into arguments about legal liability and technical details, whereas finding opportunities for cooperation will be crucial to maintain liveable environments. These debates must begin now before climate impacts overwhelm the community's ability to respond effectively and collaboratively.
Finally, with regards to discursive change, none of the policies or plans mentioned suggests that the situation offers an opportunity to undertake a major urban renewal.
Much of the language is stuck in the rhetoric of bearing the costs of defensive actions rather than making productive investments in positive change.
In terms of environmental justice, the state's ClimateSmart Adaptation strategy does address the particular challenges facing indigenous and vulnerable communities and specifically directs investments (funding, community awareness programs, and infrastructure) towards disadvantaged groups -although many of these initiatives are for remote settlements. Enhancing disaster preparedness has been viewed as a key for stronger communities and cyclone-season information is now available in languages spoken among key migrant groups such as Japanese, Chinese, Italian and Korean.
(DERM 2009a).
Other plans include some strategies that might help in addressing environmental equity concerns. For example, the Draft SEQ CCMP (DIP, 2009b) advocates that coastal hazard assessments and maps be produced, which could help in locating those communities and areas that will be most affected. It also encourages energy-efficiency guidelines for multi-unit housing with enhanced infrastructure solutions (e.g. solar hot water, lifts). Improvements in multi-unit housing can enhance vulnerable groups' living standards as the wealthy are most likely to have the capacity to own or rent higher quality dwellings. Functional public transport plans are also proposed for local areas to create active and accessible communities. Provision of alternative transport will reduce car-dependence and benefit the disadvantaged groups. However, these strategies were not developed with environmental equity concerns in mind and fall short of addressing this issue. Benefits to disadvantaged groups are neither aimed at nor made explicit and discussed in the plan. This reflects a ‗business as usual' approach to planning that needs to change if the region is to adapt equitably to climate change impacts. Tables 1 and 2 Insert Table 1 about here   Insert Table 2 about here
Conclusions
This paper set out to provide a preliminary analysis on the current policy and climate change context for SEQ -a rapidly developing region that is already facing many problems associated with population growth. To add to its woes, the region is highly vulnerable to the impacts of climate change. Plans and policies at all levels of government have acknowledged the challenges, but have yet to provide much detail regarding what should be done. This supports the need for urgency in fast-tracking adaptation responses and developing practical adaptation strategies within the region.
Strong ecological modernisation suggests that any effective response should entail not just technological innovation, but also a more sustained engagement with economic imperatives, political and institutional reform, a transformation of the role of social movements and discursive change. Some of these are underway through the different policies, albeit in rather weak forms. Further, the principle of environmental justice
suggests that climate adaptation responses should consider the differences in both the distribution of impacts and the resilience of affected communities, with more assistance being given to socio-economically disadvantaged marginalised groups.
Rethinking the problem and responding using these schools of thought will create the opportunity for more effective and equitable solutions. 
P P I
Principle 11.6 Provide necessary flood immunity for infrastructure and buildings, and resilience to potential climate change flooding, while seeking to maintain the natural flow regime. Policy 11.6.1 Avoid areas of unacceptable flood risk.
I
Policy 11.6.2 Achieve acceptable flood immunity through water sensitive urban design.
P M
Program 11.6.3 Identify areas of flood risk & undertake mitigation.
I
Program 11.6.4 Prepare for and respond to flooding events.
Principle 12.3 Invest in the transport system to maximise the use of existing infrastructure and community benefits, reduce greenhouse gas emissions and vulnerability to oil depletion. Policy 12.3.5 Ensure that the future transport system is resilient to oil depletion and climate change impacts.
P P I
* E: Explicit I: Implied M: Marginal P: Potential 
P I
Draft action 32. Develop and implement a communications strategy to build resilience to projected effects of climate change in SEQ.
* E: Explicit I: Implied M: Marginal P: Potential
